The pathological influences of inflammation on left ventricular hypertrophy (LVH) were studied in subtotal nephrectomized (SNx) rats after 0.3% NaCl loading for 5 weeks. We found that mild hypertension, increased plasma levels of creatinine, inorganic phosphate, asymmetric dimethylarginine (ADMA), and parathyroid hormone (PTH) were observed in the present SNx rats without LVH. In the present study, the NaCl-loaded SNx (SNx + NaCl) rats were characterized by significant LVH and hypertension with aggravated values of all the parameters. We further confirmed that glomerular sclerosis, tubulointerstitial fibrosis, and inflammatory cell infiltration into the tubulointerstitial area, observed in the SNx rats, were more severely caused in the SNx + NaCl rats. In addition, plasma interleukin-6 (IL-6) levels in the SNx + NaCl rats were significantly increased compared to those in the SNx rats. These findings indicated that NaCl-loaded SNx rats developed LVH and hypertension, which were accompanied with increased plasma levels of PTH, creatinine, inorganic phosphorus, ADMA, and IL-6. Thus, these results suggest that inflammation as well as endothelial dysfunction would be correlated with LVH as non-traditional risk factors at the early stage in the present renal failure model.
Compared with general population, a large proportion of patients with chronic kidney disease (CKD) die from cardiovascular disease (9) . The mechanisms underlying the higher risk of cardiovascular events in CKD patients are not fully understood, though they are thought to be associated with the high incidence of both traditional and non-traditional risk factors for cardiovascular disease. A large percentage of patients with CKD have traditional cardiovascular risk factors such as hypertension, left ventricular hypertrophy (LVH), dyslipidemia and diabetes (12) . Although the prevalence of traditional risk factors in patients with CKD is high, the severity of cardiovascular disease does not necessarily correspond to these risk factors (18) , which suggests the relation of non-traditional cardiac risk factors to patients with CKD. It has been demonstrated that the prevalence of non-traditional cardiac risk factors such as hyperparathyroidism, endothelial dysfunction, albuminuria, inflammation and anemia increased as kidney function declines (2, 19) . It was also reported that parathyroid hormone (PTH) contributed to the LVH observed in chronic renal failure, which would play roles in vascular calcification and the development of cardiac fibrosis via activation of fibroblasts (1) . Recently, the consequences of inflammation, a non-traditional risk factor, have gained attention in nephrology. Chronic inflammation is characterized (SNx + NaCl) from 1 week after the second operation. All animal procedures were conducted in accordance with Chugai Pharmaceutical's ethical guidelines for animal care, and all experimental protocols were approved by the Animal Care Committee of the institution.
Measurement of blood pressure and blood biochemical parameters. Systolic blood pressure (SBP) was measured every week from immediately before NaCl loading, by the tail cuff method (BP-98A; Softron, Tokyo, Japan) under conscious conditions. At 5 weeks after NaCl loading, whole blood was collected from the abdominal aorta under deep pentobarbital anesthesia. Plasma levels of creatinine, inorganic phosphorus and calcium were measured with an autoanalyzer (Hitachi 7170; Hitachi Co. Ltd, Tokyo, Japan). Plasma PTH levels were measured by rat intact PTH enzyme-linked immunosorbent assay (ELISA) (Immutopics, Inc., CA, USA). Plasma IL-6 levels were measured with a rat IL-6 immunoassay kit (Invitrogen Corp., CA, USA). Plasma CRP levels were measured with a rat Creactive protein (CRP) ELISA Kit (Alpha Diagnostic International, TX, USA).
Measurement of plasma ADMA. Plasma ADMA levels were determined using an API4000QTRAP (AB SCIEX, CA, USA) equipped with Acquity UPLC H-Class Bio system (Waters Corp., MA, USA). Analytical chromatography of ADMA was performed on a COSMOSIL column (4.6 × 250 mm, type πNAP, Waters; Nacalai Tesque, Kyoto, Japan). The Q 1 /Q 3 values of analytes were 204.2/70.6 (ADMA). Instrument control and data processing were run by Analyst software version 1.4 (AB SCIEX, CA, USA).
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C 6 -arginine (internal standard, IS, 100 μmol/ L) was added to 50 μL of plasma as an internal standard. To precipitate plasma proteins, 90 μL acetonitrile was added to each plasma sample. The samples were voltex-mixed and centrifuged at 10,000 × g for 10 min at 4°C. Supernatants were then collected and dried under vacuum at 60°C. The residue was reconstituted in 500 μL mobile phase. Calibration curves were plotted using the ratio of peak areas of analyzed molecules to IS versus concentrations. Calibration curve was linear in the range of 0.1 to 50 μmol/L. The limit of detection was 0.1 μmol/L. The intra-assay precision and accuracy were in the range of 0.3-2.9 and −1.5-6.1%, respectively. The inter-assay precision and accuracy were in the range of 6.6-12.8 and −4.3-6.5%, respectively.
by the persistent effect of a causative stimulus, which leads to destruction of cells and tissues. Previous paper demonstrated that plasma levels of inflammatory factors such as C-reactive protein (CRP) and interleukin-6 (IL-6) were elevated in patients with CKD (17) , but the relative importance of these factors in predicting cardiovascular outcomes remained unresolved. Although CRP reflects systemic inflammation and predicts cardiovascular risk, there is no direct supporting data for CRP to promote vascular disease. On the other hand, it has been reported that IL-6 might directly act as a promoter of atherosclerosis and wasting disorders by providing oxidative stress and endothelial dysfunction (24) . Endothelial dysfunction is also a non-traditional risk factor in patients with CKD which causes reduced bioavailability of nitric oxide (NO). Recent papers indicated that the accumulation of asymmetric dimethylarginine (ADMA), an endogenous inhibitor of NO synthase (NOS), became not only a biomarker of endothelial dysfunction but also a new potential risk factor for LVH in patients with or without CKD (14, 26) . It was also demonstrated that ADMA was a potential proinflammatory factor to induce the monocytic adhesion to endothelial cells and the release of chemokines in vitro (4) . However, the precise mechanism of proinflammatory action of ADMA on monocytes has not been fully understood in the kidney. In the present study, we established NaCl-loaded SNx rats as an early stage CKD model with LVH and evaluated the involvements of non-traditional risk factors, namely inflammation and endothelial dysfunction in addition to the traditional risk factors.
MATRIALS AND METHODS
Animal models. Male Wistar rats (6 weeks old; Japan SLC Inc, Shizuoka, Japan) were fed ordinary laboratory chow (CE-2; CREA Japan, Tokyo, Japan) and allowed free access to water under a constant light and dark cycle of 12 h. After 1 week of adaptation, animals were subjected to two-step surgical partial nephrectomy under anesthesia (2-2.5% isoflurane). Laparotomy was undergone under sterile conditions and the upper and lower side of the left kidney was resected in the first procedure. One week after the first operation, animals were reanesthetized and the right kidney was removed. Sham-operated animals (sham) underwent laparotomy alone. Subtotal nephrectomized rats were divided into 2 groups and received drinking water ad libitum containing either 0 (SNx) or 0.3% NaCl rus: P < 0.05, Table 1 ). We further confirmed that all values of the parameters in the SNx + NaCl rats were significantly higher than those of the SNx rats (LV/BW: P < 0.001; inorganic phosphorus: P < 0.05; creatinine: P < 0.05, Table 1 ). Plasma calcium levels in the SNx + NaCl rats significantly decreased compared to those of the SNx rats (P < 0.05), though there were no differences between the sham and the SNx rats (Table 1) . We found that SBP in the SNx + NaCl rats was higher than that of the SNx rats, which significantly increased dependent on the period of NaCl-loading (SNx vs. sham: P < 0.01; SNx + NaCl vs. SNx: P < 0.001) (Fig. 1 , Table 1 ).
Non-traditional risk factors in the NaCl-loaded SNx rats
We also investigated the non-traditional cardiac risk factors in the present models and then found that plasma ADMA and PTH levels in the SNx rats were Histological analysis. At the experimental end point, body weight and left ventricular mass were measured. The heart and kidney were excised and fixed in 10% neutral buffered formalin, and embedded in paraffin according to the standard procedure. Hematoxylin-eosin and Azan staining were used in light microscopic evaluation. Pathophysiological changes were assayed in a blinded manner and evaluated by semi-quantitative score.
Statistical analysis. Data are expressed as mean ± SEM. Comparison between two groups was performed by Student's t-test or Wilcoxon test using SAS version 8.2 software (SAS Institute, NC, USA). Values with P < 0.05 were considered statistically significant. Multivariate correlation analysis was performed to evaluate the associations between cardiac abnormality and the other variables using JMP 7.0.1 software (SAS Institute).
RESULTS

Traditional risk factors and left ventricular hypertrophy in NaCl-loaded SNx rats
In order to address the involvements of traditional risk factors and non-traditional risk factors such as inflammation and endothelial dysfunction, we established NaCl-loaded SNx rats as an early stage CKD model. There were no differences in body weight between the SNx and SNx + NaCl rats (Table 1) , though slight growth retardation was observed in the SNx rats compared to the sham-operated control rats (data not shown). We found that left ventricular mass/body weight (LV/BW) of the SNx rats was significantly higher than that of the sham rats (P < 0.05) at five weeks after NaCl loading (Table 1) . Plasma creatinine and plasma inorganic phosphorus of the SNx rats were also higher than those of the sham rats (creatinine: P < 0.001; inorganic phospho- IL-6 showed no difference between the sham and the SNx rats (Table 2) . On the other hand, plasma levels of CRP did not differ among the present rat models (Table 2) .
Histological analysis of the kidney
We then confirmed pathological changes in the kidney of the sham, SNx, and SNx + NaCl rats. Subtotal nephrectomy induced significant tissue damages such as glomerular sclerosis, tubule enlargement, urinary casts or tubulointerstitial fibrosis ( Fig. 2A significantly higher than those of the sham rats (ADMA, SNx vs. sham: P < 0.01; PTH, SNx vs. Sham: P < 0.05, Table 2 ). Additionally, statistically significant increases in PTH and ADMA were observed in the SNx + NaCl rats compared to those of the SNx rats (PTH, SNx + NaCl vs. SNx: P < 0.01; ADMA, SNx + NaCl vs. SNx: P < 0.05, Table 2 ). We further evaluated plasma IL-6 and CRP as inflammatory markers. As a result, plasma IL-6 levels in the SNx + NaCl rats increased significantly compared to those of the SNx rats (P < 0.05), though through 2F, Table 3 ). We confirmed that the loading of NaCl into the SNx rats significantly exacerbated the glomerular sclerosis (Fig. 2B, 2C , and Table 3 ). There were no remarkable histopathological changes such as myocardial fibrosis in the left ventricle of the heart among the rats (data not shown). We first observed that the numbers of inflammatory cells such as neutrophils and mononuclear cells infiltrating into the kidney of the SNx rats significantly increased compared to the sham rats. Then, we found that the mononuclear cells infiltrated especially into the tubulointerstitial area (Fig. 2G through  2I and Table 4 ). Most inflammatory cells in the tubulointerstitial area of the SNx and SNx + NaCl rats were mononuclear cells comprising lymphocytes and macrophages. Among them, neutrophil infiltration into the tubulointerstitial area of the kidney in the SNx + NaCl rats was significantly increased compared to the SNx rats (Fig. 2H, 2I , and Table 4 ).
Correlation analysis among the non-traditional risk factors, traditional risk factors, and left ventricular hypertrophy
We finally evaluated multivariate correlation coefficients among the traditional, non-traditional factors and LVH in the present model, and the calculated data were summarized in Table 5 . As a result, LV/ BW was highly correlated with PTH (r = 0.946, P < 0.0001), creatinine (r = 0.894, P < 0.0001), inorganic phosphorus (r = 0.884, P < 0.0001), SBP (r = 0.851, P < 0.0001), ADMA (r = 0.838, P < 0.0001), mononuclear cell infiltration (r = 0.765, P = 0.0006) and IL-6 (r = 0.639, P = 0.0077). There was no correlation between LV/BW and CRP (r = −0.256, P = 0.3385). The score of mononuclear cell infiltration in the interstitial area was highly correlated with creatinine (r = 0.900, P < 0.0001), ADMA (r = 0.899, P < 0.0001), PTH (r = 0.827, P<0.0001), inorganic phosphorus (r = 0.780, P = 0.0004) and SBP (r = 0.756, P = 0.0007).
DISCUSSION
In the present study, we established LVH-developed CKD model using NaCl-loaded SNx rats and investigated the effects of the non-traditional risk factors-inflammation and endothelial dysfunction-as well as those of the traditional risk factors on the LVH. We confirmed that LVH was correlated with plasma level of PTH, creatinine, inorganic phosphorus, and SBP in the NaCl-loaded SNx rats. Previous reports have demonstrated that non-traditional risk factors such as vascular calcification factors (PTH, inorganic phosphorus) and uremic toxin (creatinine) are involved in the pathogenesis of a number of cardiovascular abnormalities including LVH in CKD patients (6, 19, 20) . These results suggest that the present rat model would provide the evidence for Table 3 tubular epithelial cells (11) . The present study might suggest that subtotal nephrectomy generated an increased level of urinary protein, judging from the observed glomerular sclerosis and urinary casts. Simultaneously, we speculated that the released chemokines might recruit mononuclear cells into the tubulointerstitial area, resulting in the amplification of the production of IL-6 and chemokines from proximal tubular epithelial cells. Endothelial dysfunction, another non-traditional cardiovascular risk factor, is related to renal failure and hypertension. It has been demonstrated that elevated plasma concentration of ADMA was associated with LVH and LV dysfunction in hemodialysis patients (27) . Ueda et al. reported that increased plasma levels of ADMA were correlated with the renal damages including decreased numbers of peritubular capillaries, increased tubulointerstitial fibrosis, hypertension, and proteinuria in the SNx rats (22) . Furthermore, over-expression of the ADMA degrading enzyme-dimethylarginine dimethylaminohydrolase (DDAH-1 and DDAH-2), which were mainly located in proximal tubules and endothelium (16)-decreased plasma levels of ADMA, prevented hypertension, and blocked the progression of renal dysfunction in the SNx rats (13) . As a mechanism of ADMA to induce renal damage, ADMA was shown to be involved in production of IL-6 and chemokines in renal proximal tubular cells (25) through the activation of NAD(P)H oxidase (23) .
The present results demonstrate that plasma level of ADMA is highly correlated with the infiltration of mononuclear cells into intersitial area, suggesting that ADMA would play a pivotal role in recruitment of mononuclear cells into interstitial area.
the effects of non-traditional risk factors on LVH and hypertension in the initial stage of the renal failure.
Although it is noted that inflammatory markers such as CRP and IL-6 are elevated in patients with CKD, the question as to which of these markers predict cardiovascular outcomes still remains unresolved. Previous papers reported that increased plasma levels of IL-6 in patients correlated with the severity of heart failure, which would be predictive of mortality in patients with or without CKD (7, 21) . In addition, a recent report indicated that IL-6 infusion in normal rats caused LVH (15) . The present findings indicated that inflammation (plasma IL-6) as well as endothelial dysfunction (ADMA) was correlated with LVH in the early stage of the CKD model. On the other hand, we found that plasma CRP was not increased and might not be correlated with LVH in the SNx + NaCl rat model. These results were consistent with the previous clinical data that CRP was not significantly associated with cardiovascular outcomes after adjustment for traditional risk factors (5), suggesting that CRP and IL-6 might have different roles in the progression of LVH.
It has been indicated that IL-6, a pleiotropic cytokine, is produced by proximal tubular epithelial cells (8) and various inflammatory cells such as monocytes (3) and macrophages (10). Whereas we observed a significant increase of inflammatory cell infiltration into the tubulointerstitial area in the SNx and SNx + NaCl rats, the precise source of increased plasma levels of IL-6 was still unclear. Previous paper suggested that urinary protein might induce production of IL-6 and chemokines from proximal In conclusion, the present study has demonstrated that NaCl-loading to SNx rats caused LVH, which was associated with increased plasma levels of PTH, creatinine, inorganic phosphorus, ADMA, and IL-6 and with hypertension. Although further studies would be necessary to clarify the detailed mechanisms via which such factors could contribute to cardiovascular disease in the present animal model, these findings suggest that inflammation and endothelial dysfunction would be correlated with LVH in an early stage of renal failure patients as non-traditional risk factors.
